AD-A125  954 
UNCLASSIFIED 


THE  DESIGN  AND  DEVELOPMENT  OF  MILITARY  CLOTHING  PART  2  1/1 

A  SHIRT  RANGE  BASED  UPON  ANATOMICAL  MEASUREMENTS^  > 

LOGISTIC  COMMAND  (QOD)  MELBOURNE  (AUSTRALIA)  M  G  KING 
APR  82  F/G  15/5 


NL 


I  1,0  If  1^  122 

llUi  ^  S  "f 

1 1 -25  1 1.4  1 1,6 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  PURI  All  OF  $TANDARP$  l%.<  A 


FILE  COPY  aDA  1^5954 


Part 


AR-002-400 


THE  DESIGN  AND  DEVELOPMENT  OF  MILITARY  CLOTHING 


2.  A  Shirt  Range  Based  Upon  Anatomical  Measurements. 


M.G.  KING 


Approved  for  public  release 


APRIL  1982 


1  •  ( 


<~i  iU  ( 


283 


A 


UNCLASSIFIED 

88  @3  22  030 


la  a  la. 

AR-002-4CC 


ik  tsta  *o 


*.  rau 

Z3E  CBS I  IN'  AN'j  C  RV  r.  1C F M£NT  CF  MI  C'  T- RY 

1-CTHISG.  Fart  2,  A  Shirt  Range  Based 
Upon  Anatoiical  Measurements. 


6.  4UW0B(S) 


Br  M.  G.  King 


io.  ctanun  austoR  ua>  muss 

HQ  LOG  COMB 


?.  POCUWBB  Nil 

J.  TIS  la. 

April  1 932 

5.  SSCUWTS 

6.  to  turn 

a.  Boeoaent 

■9 

b.  Title  e.  Abstract 

7.  io  dps 

11.  AUTHOMIUS  (aa  appropriata) 

A.  Spanaor  A.  Security  C.  Po«n*radia*  9.  Approval 


12.  SKOnm  DISTKIWTIoa  Cor  tail  deoMant) 

Approved  F0r  Public  Release. 

Ovaeaaaa  eirirlw  outside  stated  limitations  should  bo  rafarrad  through  ASBIS,  Def«oe  latereitoa  Saroieae  Ira 
of  Dafsaao,  Caapbell  Park,  CAIBOBU  *Ct  2601 


He  this  doeaeaat  aay  ba  UUKHKW  ia  catalogues  aad  aaaraaaas  services  available  tot 

IJb  Citatiaa  for  othar  purposes  (to  Casual  aaaouooaant)  aay  bo  Cialaot)  Uarestrioted  /  as  ia  IJo 


15.  oosaxi  oh 

15050 


From  the  1980  survey  of  the  clothing  related  anatomical 
measurements  of  men  in  the  Australian  Army  (CRAMS),  those 
dimensions  related  to  dress  shirts  are  compared  to  the 
dimensions  of  the  current  in-service  shirt.  It  is  concluded s 

that  the  current  size  roll  could  be 
rationalized  to  provide  shirts  which  fit  a 
greater  proportion  of  the  population} 

<JBt  that,  especially  for  the  larger  collar  sizes, 
the  in-service  shirt  range  is  too  large  in 
both  waist  and  chest}  _ ~ 


XHRXH 


This  page  is  to  be  used  to  record  information  which  is  required  by 
the  Establishment  for  its  own  use  but  which  will  not  be  added  to 
the  data  base  unless  this  is  specifically  requested. 


^  that  the  in-service  shirt  is  too  lcng|<^- ■ w  v 
jS.  the  cuff  circumference  of  the  inservice  shirt  is  too  large, 

Based  upon  these  findings,  it  is  recommended  that  a  modified 
set  of  shirt  dimensions  should  form  the  basis  of  a  redesigned 
shirt,  and  that  this  redesigned  shirt  should  be  manufactured  and 
trialled. 


Department  of  Defence 
HQ,  Logistics  Conaand 
Melbourne. 

April,  1982. 
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AIK 

1.  The  aim  of  this  report  is  to  present  a  comparison  of  the  shirt 
specified  by  DEF( AUST)5494  with  the  actual  body  dimensions  of  men  in  the 
Australian  Army  -  the  anatomical  information  being  obtained  from  analysis 
of  the  1980  CRAMS  (Clothing  Related  Anatomical  Measurement  Survey)  data. 

2.  The  adequacy  of  the  existing  size  rolls  examined  and  some  changes 
to  the  current  range  of  sizes  are  recommended.  Furthermore,  the 
relationships  between  the  various  dimensions  of  the  shirt  and  the 
distribution  of  relevant  bodily  dimensions  are  considered;  where  it  is 
possible  to  improve  the  fit  of  the  shirt,  some  alterations  to  the 
dimensional  details  of  the  shirt  range  are  recommended. 

THE  SIZE  ROLL 

3.  The  size  of  a  shirt  is  specified  by  two  values  -  the  sleeve  length 
and  the  collar  size.  In  the  case  of  the  shirt  DEF(AUST)5494,  16  collar 
sizes  are  offered,  covering  a  range  from  32  cm  to  47  cm  in  1  c®  increments; 
the  sleeve  length  (which  is  measured  from  centre  back  to  bottom  edge  of  the 
cuff)  has  a  range  of  values  from  74  cm  to  89  cm,  with  the  increment 
alternating  between  2  and  3  cm  for  the  seven  sizes  of  sleeve  length.  Of  the 
total  112  possible  combinations  of  shirt  and  collar  sizes,  only  38  are 
currently  offered  (these  are  listed  in  Annex  A). 

The  Demand  for  Each  Size 

4.  The  CRAMS  data  provides  the  neck  circumference,  and  the  sleeve 
length  of  each  of  the  21824  subjects  measured.  By  comparison  of  these 
values  with  the  parameters  defining  the  shirt  size  (collar. 


and  sleeve  length)  it  is  possible  to  estimate  the  demand  for  each 
size,  ar.d  also  the  total  percentage  of  the  population  of  the 
population  which  is  fitted  by  a  carticular  size  roll  car.  be  calculated. 
In  the  case  of  the  size  roll  associated  with  BEF(AUST)~d?d ,  the  J8 
sizes  offered  provide  shirts  which  fit  54%  of  the  population.  The 
distribution  of  demand  for  each  size  is  indicated  ir.  Annex  A. 

5.  The  following  rules  were  applied  to  determine  the  collar 
and  sleeve  size  required  by  each  man  represented  by  a  set  of  CRAKS 
measurements: 

a.  the  neck  size  (36  cm,  for  example)  corresponds  to 

a  shirt  with  a  collar  1  cm  greater  O'7  cm  circumference), 
and  it  was  decided  to  assign  size  36  shirts  to  those 
men  with  necks  in  the  range  equal  or  greater  than 
35.5  cm  to  less  than  36.5  cm. 

b.  for  the  sleeve  sizes,  the  boundaries  between  each 
size  were  calculated  (for  example  the  boundaries  for 
size  81  cm  are  80  and  82.5  cm),  and  the  demand  for 
each  size  was  given  by  the  number  of  men  equal  to  or 
less  than  the  upper  boundary,  and  greater  than  the 
lower  boundary. 

c.  for  the  shortest  sleeve  size,  the  demand  for  this  size 
was  given  by  the  number  of  men  equal  to  or  less  than 
the  upper  boundary,  because  in  practice  it  would  be 
found  that  the  smallest  sleeve  size  would  be  assigned 
to  all  men  equal  to  or  less  than  the  size. 

SUGGESTED  CHANGES  TO  THE  SIZE  ROLL 

6,  Changes  to  the  Collar  Sizes.  With  the  current  size  roll, 
the  collar  sizes  are  incremented  in  1  cm  steps.  This  means  that  whilst 
a  36  cm  collar  is  designed  to  fit  a  35  cm  neck,  in  practice  the 
difference  (or  allowance)  between  the  wearer’s  neck  and  the  shirt  collar 


may  be  between  ar.i  1.A  ex.  If  it  is  accepted  t'r.a*  rr.is  allowance 

is  satisfactory  at  the  smaller  er.d  of  the  scale,  then  it  car.  re  shewn 
(fee  Annex  b)  that  a  larger  allowance  should  be  acceptable  for  larger 
neck  sizes.  A  larger  range  in  allowance  means  that  the  increment 
between  successive  sizes  can  be  correspondingly  larger.  A  practical 
application  cf  this  principle  is  embodied  in  the  recommendation  that 
up  to  and  including  collar  size  47  cm,  size  increments  should  be  in  1 
cm  steps,  whilst  above  collar  size  42  cm,  increments  should  be  in 
1.5  cm  steps. 

7*  Changes  to  sleeve  length  sizes.  As  with  the  cellar 

increments,  it  is  appropriate  to  use  larger  increments  between 
the  larger  sizes,  and  this  is  in  contrast  with  the  current  size  roll 
which  employes  alternating  2  cm  and  3  cm  increments  throughout  the 
range  of  sleeve  length  si2es.  Accepting  that  the  3  cm  increment  is 


satisfactory  at  the  small  end  of  the  scale,  it  is  suggested  that  this 
increment  be  maintained  for  the  first  three  sizes. (74  cm,  77  cm, 
and  80  cm);  the  next  two  increments  should  be  3*5  cm  (to  83.5  cm 
and  87  cm)  and,  if  required^the  final  increment  should  be  4  cm 
(to  91  cm). 


8.  The  selection  of  sizes.  The  21284  subjects  whose  data 

are  listed  in  the  CRAMS  data  bank  were  "fitted"  by  computer  with  the 
shirts  defined  by  the  new  collar  and  sleeve  length  sizes.  The 


frequency  of  demand  for  each  size,  based  in  the  results  of  the 
computer  fitting  are  shown  in  Annex  C«  It  is  suggested  that  where 
the  predicted  demand  for  a  size  exceeded  0.5^  of  the  population  (that 
is,  approximately  100,  based  on  the  CRAMS  sample  size),  then  a  shirt 
should  be  offered  for  that  size.  Based  on  this  criterion,  43  of  the 


cells  in  the  collar  J  sleeve  matrix  are  indicated  as  sizes  -  and  these 
43  sizes  would  fit  92.7ft  of  the  population. 


THE  SHAPE  OF  THE  SHIRT 


In  addition  to  cellar  and  sleeve  dimensions,  the 
specification  for  the  shirt  DSF(AUS7)  "4 ~4  lists  seven  ether  measurements: 
chest,  waist,  seat,  length,  cuff,  vent,  back  width.  Apart  from  the 
sleeve  vent,  there  are  CRAMS  measurements  which  correspond  to  each  of 
the  shirt  dimensions  and  the  descriptive  statistics  of  the  CRAMS 
measurements  are  presented  in  Annex  D.  The  correlation  matrix 
relating  each  of  the  CRAMS  dimensions  is  also  given  at  Annex  2. 

10.  Annex  E  lists  the  nine  measurements  of  each  shirt  in 
the  current  size  roll  for  the  in-service  shirt. 

CHESTiCOLLAR  RELATIONSHIP 

11.  Reference  to  the  dimensions  in  Annex  E  will  indicate  that 
for  the  in-service  shirt  the  chest  dimension  increases  with  increasing 
collar  size.  Over  the  range  of  collar  sizes  31  to  35  cm  an  increment 
of  2  cm  in  chest  corresponds  to  an  increment  of  1  cm  in  collar;  from 
collar  size  36  cm  to  46  cm  the  increment  in  chest  is  4  cm  for  each 

1  cm  in  neck.  This  relationship  is  represented  by  the  solid  line 
in  figure  1.  Also  presented  in  figure  1  is  a  scattergram  plot  of  a 
random  2$  sample  of  the  subjects  measured  in  the  CRAMS  survey  (for 
the  sake  of  clarity  the  21  824  subjects  were  not  plotted  on  the 
scattergram). 

12.  Prom  Figure  1  it  can  be  seen  that  where  a  man  is  fitted  with 
a  shirt  by  collar  size,  in  no  case  is  the  shirt  too  small  in  the  chest. 
However  the  cost  of  achieving  this  situation  is  that  in  many  cases  the 
shirts  may  be  rather  loose  in  the  chest  -  and  this  is  particularly  so 
for  men  with  the  larger  sizes  of  collar.  Figure  1  shows  that 

the  in-service  shirt  size  range  has  been  designed  with  the  underlying 
assumption  that  men  with  larger  necks  (59  cm  and  above)  have  increasingly 
large  chests.  This  assumption  is  not  supported  by  the  CRAMS  data. 


In  :  c  ,  there  is  very  little  sy .»  ter.at :  c  ir.croa?p  ir.  -rest  i  i~er.s  ior. 
mpr.  with  r.eck  sizes  greater  thar.  z~-  cm. 

Sugges  •  ei  Change  s .  Considering  the  limited  ass-ciacior. 
between  chest  and  cellar  dimensions  ir.  the  larger  sizes,  it  is  suggested 
that  the  chest  size  ccrres~er.dir«r  to  a  '  ‘  cm  collar  be  maintained  for 
all  larger  collar  sizes.  That  is,  for  cellar  sizes  tc  dr,  the  chest 
should  be  1?C  cm.  Furthermore,  from  the  it  s  tricut  ior.  of  measurements 
in  the  re  ~i  or.  below  the  collar  size  z~  cm,  there  appears  tc  be  little 
Justification  in  departing  from  the  4:"  ratio  between  chest  and  cellar 
increments  (represented  by  the  continuous  l:r.e  between  collar  size 
35  and  39  cm).  Therefore  it  is  suggested  that  the  4s ‘  ratio  be 
continued  through  the  smaller  collar  sizes.  This  would  lead  to  a 
chest  dimension  of  86  cm  corresponding  to  the  smallest  collar  size 
(31  cm).  These  suggested  modifications  are  illustrated  by  +he  broken 
line  in  Figure  1.  It  can  be  seen  from  this  figure  that  the  suggested 
range  of  shirts  still  effectively  caters  for  most  of  the  population: 
the  advantage  of  better  fit  is  not  at  the  cost  of  a  great  number 
of  unfitted  subjects.  The  suggested  modifications  are  detailed  in 
Annex  F. 

WAIST: COLLAR  RELATIONSHIP 

14.  The  approach  and  the  results  of  this  analysis  closely  parallels 

the  investigation  of  chest: collar  relationships.  The  waist  and  collar 
dimensions  of  the  random  7$>  sample  are  illustrated  in  the  scattergram  in 
figure  2.  Also  represented  in  this  figure,  by  a  solid  line,  is  the 
relationship  between  waist  and  collar  in  the  in-service  shirt.  It  car. 
be  seen  from  this  sample  that  in  some  instances  a  Tan  may  be  fitted  by 
collar  size,  but  he  may  find  that  the  shirt  is  too  tight  in  the  waist 
region  -  and  this  is  more  frequently  the  case  in  the  middle  range  of 
collar  sizes.  For  the  larger  collar  sizes,  the  shirts  are  unnecessarily 


voluminous  in  the  waist 


'  -  ,  o * e d  . t- s .  As  with  the  cr.<*s  1 1  col  h;r  ia*..i,  there 

is  little  evidence  cf  the  n.eei  fcr  systematic  in  ere  ’ce  ;  r  vai.-'1"  sire 
ccrresrcr.din.-c  to  increasing  cellar  site  reyont  a  cell  tr  .* a--.  of  7  '•  re. 
It  is  therefore  suggested  that  a  constant  waist  dimension  of  ‘'l''  cm 
be  adopted  for  ail  shirts  of  collar  site  5"1  cm  and  above.  For  cellar 
sizes  }'■  to  cm.  it  is  suggested  that  a  ratio  site  should  be  accent tr. 
by  an  increment  of  p  on  in  the  waist  cf  the  shirt,  s’artir.^  from  a 
waist  of  c.n  with  the  smallest  collar  size  of  71  cm.  These 
modifications  are  represented  by  the  broken  line  in  t'irure  2.  The 
su.-r.-res ted  .modifications  are  detailed  ir.  Annex  B. 


THE  CUFF 

1 6.  Tailoring  conventions  suggest  that  an  allc  :e  of 
approximately  "  cm  (the  excess  of  the  circumference  t  rt  cuff 
over  the  wrist  circumference)  is  acceptable.  The  current 
specification  has  cuffs  rang! nr  from  21  cm  to  28  cm  -  the  increase 
being  associated  with  increasing  collar  size.  From  the  CRAMS  data, 
the  statistical  da -a  relating  to  wrist  and  collar  are  given  by  the 
linear  regression  equation: 

wrist  =  0.19  collar  +  10 

17.  From  the  above  relationships,  for  each  collar  size  the 
9?thcentile  (maximum)  wrist  circumference  and  the  average  wrist 
circumference  were  calculated  for  each  collar  size.  Bearing  in 
mind  the  target  of  an  average  7  cm  allowance,  and  the  practical  need 
for  whole  number  dimensions  where  possible,  the  cuff  dimensions 
incorporated  in  the  draft  specification,  Annex  E,  were  computed. 

In  no  case  does  the  allowance  for  the  99th  centile  man  fall  below  the 


limit  of  5  cm 


'6,  Although  the  current  shirt  rar.ge  features  lengths  fr  ;m 

to  5?  cm  ( the  increase  veir..-  associated  with  increasing  cellar)  the 
TRAMS  data  suggests  that  these  shirts  are  too  long.  The  near,  ran' 
body  length  is  7C  cm,  and  the  standard  deviation  is  3*5  cm.  The 
relationship  between  bcdyler.gth  and  trie  two  defining  variables 
(collar  and  sleeve  lerrth)  is  given  by  the  multiple  regression  equa 
length  =  C'Z‘7>  collar  +  C.TJ2  sleeve  +  3^ 
with  the  multiple  regression  coefficient  R  =  0.4? 


' From  the  residual  variance  (after  the  application  of  the 
above  regression  equation',  the  0oth  cer.tile  length  was  calculated 
for  each  sleeve  and  collar  combination.  These  maximum  values  were 
rounded  to  the  nearest  5  cm  increment  (in  keeping  with  standard 
tailoring  practice),  and  the  recommended  shirt  lengths  listed  in 
Annex  E  are  equal  to  the  rounded  99th  centile  body  length  for  that  size 


CONCLUSION 

?0.  Consideration  of  the  current  size  roll  leads  to  the 

following  conclusions: 

a.  the  current  size  roll  affords  a  good  fit  to  54%  of 
the  population,  with  38  sizes  being  specified; 

b.  a  rationalization  to  the  increments  between  successive 
collar  sizes,  and  between  successive  sleeve  sizes 

is  justified,  with  larger  increments  being  specified 
between  the  larger  sizes; 

c.  by  adopting  a  rationalized  size  roll  structure,  and 
selecting  sizes  in  high  demand,  it  is  possible  to 
provide  shirts  to  fit  approximately  93^  of  the 


Australian  Army  with  43  nizes 


re  cellar,  ar.d  vi;  to  cilia-,  it  i?  nr.cluded  that: 

a.  :':r  *.-.■?  larr^r  sizes  (greater  than  collar  site  7;-) 
the  ih.ir*?  are  too  large  ir  hath  chest  ar.d  waist; 

: .  the  adrptlcr.  cf  mine-  modifications  to  the  scale  of 
ratios  between  waist:collar  and  cnesttccllar  should 
r*.  cult  in  a  better  fit  fer  a  greater  proportion  of 
the  pcpulat-or.; 

c.  the  length  of  in-service  shirt  is  too  great,  in  a 
rur.be r  cf  sizes,  and  a  rationalized  recommendation 
provides  a  shirt  length  which  will  fit  the  9?th 
centile  man  for  each  size; 

d.  the  cuff  circumference  has  been  altered  to  provide  a 
satisfactory  allowance  (average  7  cm,  minimum  5  cm) 
for  each  size, 

HZCC.^ECTiATIONS 

22.  That  the  specifications  of  the  Shirt,  Mens,  Polyester/Cotton 

described  by  DEP(AUST)  5494  be  re-examined  by  tailoring  and  design 
professionals  with  a  view  to  modifying  the  design  parameters, 

2J.  That  the  suggestions  detailed  in  Annex  F  be  considered  by 


tailoring  and  design  experts  and  -  if  compatible  with  tailoring  and 
design  conventions  -  these  suggestions  should  form  the  basis  of 
modifications  to  the  design  parameters  of  the  Shirt, 


iCATTERGRAM  OF  COTTON/PGLY  SHIRT  (DEF.AUST  5494)  FIGURE  1 
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SCATTERGftAM  OF  COTTON /POLY  SHIRT  (DEF.AUST  5494)  FIGURE 
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ANNEXE 


THE  VARIATION  IN  CIRCUMFERENTIAL  ALLOWANCE 


FOR  A  RANGE  OF  COLLAR  SIZES 

1.  The  allowance  of  a  shirt  collar  is  the  difference 

between  collar  circumference  and  neck  circumference.  If  the 
collar  is  pulled  tight  as  illustrated 
in  the  accompanying  diagram,  figure  1, 


then  the  allowance  is  given  by: 

D/2  *  r  tan£  -  r0  (l) 
where  D  is  collar  -  neck 
and  0  is  the  angle  shown  in 
figure  1. 


2.  If  the  concept  of  fit/non-fit  is  defined  by  a 

limiting  value  of  the  angle  9  which  is  formed  by  the  excess 
material  when  the  collar  is  pulled  tight,  then  a  maximum 
and  a  minimum  value  for  fi  can  be  calculated  for  any  neck  size. 

In  particular,  if  the  maximum  allowance  which  is  acceptable 
for  a  52  cm  circumference  neck  is  1.5  cm,  then: 

1.5  -  52  ( tan/5  -  fi)/t r 
thus  (tanj 1  -  $)/n  *  0.0469. 

From  this  value  the  maximum  allowances  may  be  obtained  for  other 
neck  sizes;  similarly  the  minimum  tolerance  values  may  be 
calculated  using  the  criterion  of  0.5  cm  for  a  52  cm  neck. 

The  range  of  maximum  and  minimum  allowances  are  listed  in  Table  1 


of  this  Annex 
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3.  An  allowance  of  1.5  ca  maximum  corresponds  to  collar 


increments  of  1  cm,  whilst  a  2  ca  maximum  allowance  corresponds 


to  1.5  ca  collar  increments  (assuming  that  a  0.5  cm  miaiaum  allowance 


is  used).  In  keeping  with  the  goal  of  avoiding  fractional 


measurements  where  possible,  it  was  decided  to  recommend  that  for 


neck  sizes  up  to  41  cm  (that  is,  co  lar  sizes  of  42  cm)  a  1  cm 


collar  increment  should  be  used,  whilst  for  the  larger  sizes  a 


1.5  cm  increment  should  be  adopted. 


Table  1 


The  Range  of  Maximum  and  Minimum  Allowance 


neck  maximum  minimum 


32  1.5  .4 

34  1.6  .5 

36  K7  .5 

38  1.8  .5 

40  1.9  .6 

42  2.0  .6 

44  2.1  .6 

46  2.2  .6 


MATRIX  OF  SIZES  AND  DEMAND  FOR  RECOMtENDED 


outline  indicates  43  recommended  sizes 
.  20231  aen,  that  is,  9596  of  all  subjects 


KWtX  D 


statistics  cr  shirt-he:.'?!!  variables 

taker  frce  :r  ts  data 


standard  deviation,  ca. 

nuaber 

collar 

36.6 

2.42 

21785 

cheat 

97.7 

7.18 

21794 

waist 

84.24 

8.59 

r^eoj 

seat 

96.61 

6.25 

21777 

vriat 

17.57 

0.896 

21794 

sleeve 

80.24 

4.09 

21681 

body  length 
(cervical  height 
minus  inside  lag) 

70.02 

3.51 

21  440 

CORRELATION  MATRIX 


cheat 

waist 

seat 

body 

sleeve 

wrist 

collar 

.677 

.669 

.610 

.422 

.246 

.509 

chest 

.812 

.781 

.467 

.296 

.525 

waist 

.816 

.396 

.238 

.477 

seat 

.525 

.301 

.527 

body 

.351 

.406 

sleeve 

.379 
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